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(57) A method for automated processing of a cellular
product comprising target substrate cells, the method
comprising providing a separation apparatus configured
to associate with a disposable sterile circuit comprising
a separator in communication with the cellular product.
The apparatus and disposable sterile circuit are config-
ured to remove platelets from the cellular product to form
a platelet-depleted cellular product, resuspend the plate-
let-depleted cellular product in media to form a resus-
pended platelet-depleted cellular product, receive an

agent having an association with the target substrate
cells of the resuspended platelet-depleted cellular prod-
uct, incubate the agent with the target substrate cells
over a period sufficient for the agent to bind with and/or
enter the target substrate cells to form a first mixture com-
prising agent-target substrate cell complexes, un-
bound/unassociated agent, and non-target substrate
cells, and remove unbound/unassociated agent to form
a second mixture comprising the agent-target substrate
cell complexes and non-target substrate cells.
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Description

Field of the Disclosure

[0001] The present disclosure is directed to processing
biological cells. More specifically, the present disclosure
relates to methods, systems, and apparatus for washing,
processing, incubating, and/or selecting biological fluid
using a disposable fluid circuit and a reusable processing
apparatus in a sterile system and/or environment.

Background

[0002] The processing of biological fluid such as blood
or blood components typically involves using a reusable
processing apparatus ("hardware") and a disposable flu-
id circuit adapted for mounting or other association with
the reusable apparatus. The fluid circuit typically includes
containers such as plastic bags and associated tubing
that defines a flow path through the circuit. The dispos-
able fluid circuit may also include one or more separation
devices by which the biological fluid/cells can be sepa-
rated into two or more components, washed or otherwise
processed. Separation devices may separate the biolog-
ical fluid based on centrifugal separation and/or mem-
brane separation.
[0003] The disposable fluid circuits typically include
plastic containers and tubes that are pre-connected, pre-
assembled, and pre-sterilized, such as by radiation or
steam sterilization. In some processing systems and
methods, containers including liquids such as anticoag-
ulant, saline, wash solution, storage media, or treating
agents may likewise be pre-attached to the disposable
fluid circuit, thereby creating a "closed" system. A
"closed" system is one where the interior of the system,
i.e., internal flow paths, separation chambers, etc., are
not exposed or "opened" to the outside environment.

Summary

[0004] According to an exemplary embodiment, the
present disclosure is directed to a method for automated
processing of a cellular product comprising target sub-
strate cells, in preparation for target cell selection, the
method comprising providing a reusable separation ap-
paratus controlled by a microprocessing unit driven by
software, said apparatus configurable with a plurality of
settings and configured to associate with a disposable
sterile circuit comprising a separator comprising a porous
membrane and in communication with the cellular prod-
uct. The apparatus and disposable sterile circuit are con-
figured to remove platelets from the cellular product in a
first cycle to form a platelet-depleted cellular product, re-
suspend the platelet-depleted cellular product in media
in a second cycle to form a resuspended platelet-deplet-
ed cellular product, receive an agent having an associ-
ation with the target substrate cells of the resuspended
platelet-depleted cellular product, incubate the agent

with the target substrate cells over an incubation period
sufficient for the agent to bind with and/or enter the target
substrate cells to form a first mixture comprising agent-
target substrate cell complexes, unbound/unassociated
agent, and non-target substrate cells, and remove un-
bound/unassociated agent in a third cycle to form a sec-
ond mixture ready for target cell selection. The second
mixture comprises the agent-target substrate cell com-
plexes and non-target substrate cells.
[0005] According to an exemplary embodiment, the
present disclosure is directed to a method for automated
processing of a leukapheresis product comprising sur-
face antigen expressing cells, in preparation for surface
antigen expressing cell selection, the method comprising
providing a reusable separation apparatus controlled by
a microprocessing unit driven by software, said appara-
tus configurable with a plurality of settings and configured
to associate with a disposable sterile circuit comprising
a separator comprising a porous membrane and in com-
munication with the leukapheresis product. The appara-
tus and disposable sterile circuit are configured to re-
move platelets from the leukapheresis product in a first
cycle to form a platelet-depleted leukapheresis product,
resuspend the platelet-depleted leukapheresis product
in media in a second cycle to form a resuspended plate-
let-depleted leukapheresis product, receive an agent
having an association with the surface antigen express-
ing cells of the resuspended platelet-depleted leukapher-
esis product, and incubate the agent with the surface
antigen expressing cells over an incubation period suffi-
cient for the agent to bind/associate with the surface an-
tigen expressing cells to form a first mixture comprising
antigen-agent complexes, unbound/unassociated agent,
and cells not presenting the antigen. The apparatus and
disposable sterile circuit are also configured to remove
unbound/unassociated agent in a third cycle to form a
second mixture ready for target cell selection, wherein
the second mixture comprises the antigen-agent com-
plexes and cells not presenting the antigen.
[0006] According to an exemplary embodiment, the
present disclosure is directed to a method for automated
processing of a cellular product comprising target sub-
strate cells, in preparation for target cell selection, the
method comprising providing a reusable separation ap-
paratus controlled by a microprocessing unit driven by
software, said apparatus configurable with a plurality of
settings and configured to associate with a disposable
sterile circuit comprising a separator comprising a porous
membrane and in communication with the cellular prod-
uct. The apparatus and disposable sterile circuit are con-
figured to remove platelets from the cellular product in a
first cycle to form a platelet-depleted cellular product, re-
suspend the platelet-depleted cellular product in media
in a second cycle to form a resuspended platelet-deplet-
ed cellular product, receive an agent having an associ-
ation with the target substrate cells of the resuspended
platelet-depleted cellular product, and incubate the agent
with the target substrate cells over an incubation period
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sufficient for the agent to bind with and/or enter the target
substrate cells to form a first mixture comprising agent-
target substrate cell complexes, unbound/unassociated
agent, and non-target substrate cells. The apparatus and
disposable sterile circuit are also configured to remove
unbound/unassociated agent in a third cycle to form a
second mixture ready for target cell selection, wherein
the second mixture comprises the agent-target substrate
cell complexes and non-target substrate cells.

Brief Description of the Drawings

[0007] Features, aspects, and advantages of the
present embodiments will become apparent from the fol-
lowing description, appended claims, and the accompa-
nying exemplary embodiments shown in the drawings,
which are briefly described below.

Fig. 1 is a schematic view of a disposable fluid circuit
used for processing biological fluid, according to an
exemplary embodiment;
Fig. 2 is an enlarged view of a front panel of a reus-
able processing apparatus, according to an exem-
plary embodiment;
Fig. 3 is a perspective view of a separation/washing
device using a spinning membrane, according to an
exemplary embodiment;
Fig. 4 is a view of the front panel of the reusable
processing apparatus of Fig. 2 with the disposable
fluid circuit of Fig. 1 loaded thereon, according to an
exemplary embodiment;
Fig. 5A is a flow diagram illustrating the steps in
processing biological cells and performing target cell
selection, according to an exemplary embodiment;
Fig. 5B is a tabular listing of settings to be used in
the steps illustrated in Fig. 5A for a reusable hard-
ware apparatus and its controller, according to an
exemplary embodiment;
Fig. 6A is a flow diagram illustrating the steps in
processing biological cells and performing target cell
selection, according to an exemplary embodiment;
and
Fig. 6B is a tabular listing of settings to be used in
the steps illustrated in Fig. 6A for a reusable hard-
ware apparatus and its controller, according to an
exemplary embodiment.

Detailed Description

[0008] There are several aspects of the present subject
matter that may be embodied separately or together in
the devices and systems described and claimed below.
These aspects may be employed alone or in combination
with other aspects of the subject matter described herein,
and the description of these aspects together is not in-
tended to preclude the use of these aspects separately
or the claiming of such aspects separately or in different
combinations as set forth in the claims appended hereto.

[0009] One or more embodiments described herein
may allow for a single system for washing and processing
cell products in preparation for target cell selection of
those cell products.
[0010] Systems and methods for the automated sterile
processing of biological fluid are disclosed herein. The
systems disclosed may include a reusable separation
apparatus and one or more disposable processing cir-
cuits adapted for association with the reusable appara-
tus. The reusable separation apparatus may be any ap-
paratus that can provide for the automated processing
of biological fluid. By "automated," it is meant that the
apparatus can be pre-programmed to carry out the
processing steps of a biological fluid processing method
without substantial operator involvement. Even in the au-
tomated system of the present disclosure, it should be
understood that some operator involvement may be re-
quired, such as the loading of the disposable fluid circuits
and entering processing parameters. Additional manual
steps may be required as well. However, the reusable
apparatus may be programmed to process biological fluid
through each of the disposable circuits described below
without substantial operator intervention.
[0011] The reusable processing apparatus may be ca-
pable of effecting the separation of a biological fluid that
includes biological cells into two or more components or
fractions. Thus, the reusable apparatus may generate
conditions that allow for the separation of a biological
fluid into selected components or fractions. In one em-
bodiment, an apparatus that uses a spinning porous
membrane to separate one component from other com-
ponents may be used for separating biological fluid into
its constituent components or fractions. An example of a
spinning membrane may be found in U.S. Patent No.
5,194,145 to Schoendorfer, which is incorporated by ref-
erence herein in its entirety, and in International (PCT)
Application No. PCT/US2012/028492, filed March 9,
2012, the contents of which are also incorporated herein
in its entirety. In addition, systems and methods that uti-
lize a spinning porous membrane are also disclosed in
U.S. Provisional Patent Application No. 61/537,856, filed
on September 22, 2011, and International (PCT) Appli-
cation No. PCT/US2012/028522, filed March 9, 2012,
the contents of each which are incorporated herein by
reference in their entireties. In another embodiment, the
reusable apparatus may generate a centrifugal field to
effect separation.
[0012] Turning now to Fig. 1, a disposable circuit 100
may be used for the separation, washing, volume reduc-
tion and/or other processing of a biological fluid. Circuit
100 may include an integrated separation device, such
as, but not limited to, a spinning membrane 101 as de-
scribed above. Circuit 100 may also include waste/filtrate
container 140, product/retentate container 150, and in-
process container 122. Disposable fluid circuits may fur-
ther include sampling assemblies (not shown) for collect-
ing samples of source biological fluid, "final" product, or
other intermediate products obtained during the biologi-
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cal fluid processing.
[0013] Disposable fluid processing circuits may in-
clude tubing that defines flow paths throughout the cir-
cuits, as well as access sites for sterile and/or other con-
nection to containers of processing solutions, such as
wash solutions, treating agents, and/or sources of bio-
logical fluid. As shown in Fig. 1, the tubing of circuit 100
may include spaced tubing segments 162, 166, 168. The
tubing segments are provided for mating engagement
with, e.g., peristaltic pumps of the reusable hardware ap-
paratus 200 (Fig. 2). The containers and the plastic tubing
may be made of conventional medical grade plastic that
can be sterilized by sterilization techniques commonly
used in the medical field, e.g., radiation, autoclaving, etc.
Plastic materials useful in the manufacture of containers
and of the tubing in the circuits disclosed herein may
include plasticized polyvinyl chloride, acrylics, and/or
polyolefins.
[0014] Source containers may be attached in sterile
fashion to the circuit 100. A source container 102 for con-
nection to one disposable circuit may be a product con-
tainer 150 of another circuit used in a different step of
the overall method of processing. Alternatively, the con-
tents of a product container 150 may be further processed
or separated and then transferred in sterile fashion to a
source container 102 of a later-in-series fluid circuit.
[0015] The biological cell suspension to be washed
and/or otherwise treated may be provided in a source
container 102, shown in Fig. 1. In one embodiment, the
source container 102 may initially be disconnected from
the disposable set. Source container 102 may have one
or more access sites 103, 105, one of which may be
adapted for sterile connection to fluid circuit 100 at dock-
ing site 104. Source container 102 may be attached in a
sterile manner by employing sterile docking devices,
such as CompoDock, available from Fresenius Kabi AG.
A second access port 105 may also be provided for ex-
tracting fluid from the source container 102 and/or intro-
ducing materials into the source container 102.
[0016] As shown in Fig. 1, tubing segment 106 extends
from docking site 104 and is connected to further down-
stream branched-connector 118. Branched-connector
118 may communicate with tubing 106 and tubing 120,
which may provide a fluid flow path from an "in-process"
container 122 described in greater detail below. Tubing
segment 124 extends from branched-connector 118 and
is joined to a port of further downstream branched-con-
nector 126. A separate flow path defined by tubing 128
may also connect to a port of branched-connector 126.
[0017] One or more containers of wash or other
processing/treating solution may be attached (or pre-at-
tached) to set 100. Tubings 132a, 132b defining a flow
path may include and terminate in an access site such
as spike connectors 134a, 134b. Access sites 134a, 134b
may establish flow communication with containers 135a,
135b (shown in Fig. 4) of a wash fluid, e.g., saline, additive
solution, buffer, etc. Tubings 132a, 132b may include in-
line sterile barrier filters 130a, 130b for filtering any par-

ticulate from a fluid before it enters the flow path leading
to and/or from second branched-connector 126 and, sep-
arator 101. The wash media/fluid may flow from the wash
fluid source through tubing segments 132a, 132b where
it may be filtered by the sterile barrier filters 130a, 130b,
and then may pass through tubing 128 to the input of the
branched-connector 126.
[0018] Tubing segment 136 may define a flow path
connected at one end to branched-connector 126 and to
an inlet port 20 of the separator 101. As shown in Fig. 1
(and described in greater detail in connection with Fig.
3), the spinning membrane separator 101 may have at
least two outlet ports. Outlet 46 of separator 101 may
receive waste from the wash (e.g., diluted suspension
media) and may be connected to tubing 138, which may
define a flow path to filtrate/waste product container 140.
The filtrate/waste product container may include a further
connection port 141 for sampling or withdrawing the
waste from within the waste/filtrate container 140.
[0019] Separation device 101 may include a second
outlet 48 that is connected to tubing segment 142 for
directing desired biological cell/fluid product to a final
product/retentate container. The other end of tubing seg-
ment 142 may be connected to branched-connector 144,
which may branch into and define a flow path to one or
more in-process containers 122 and a flow path to the
product/retentate container 150.
[0020] Turning to Fig. 2, a front panel 201 of a reusable
hardware processing apparatus 200 is shown. Apparatus
200 may be of compact size suitable for placement on a
table top of a lab bench and adapted for easy transport.
Apparatus 200 may also be supported by a pedestal that
can be wheeled to a desired location. As shown in Fig.
2, apparatus 200 may include a plurality of peristaltic
pumps such as pumps 202, 204 and 206 on front panel
201. Pump segments of the disposable fluid circuit may
be selectively associated with peristaltic pumps 202, 204,
and 206. The peristaltic pumps may articulate with the
fluid set of Fig. 1 at the pump segments identified by
reference numerals 162, 166, 168 and advance the cell
suspension or other fluid within the disposable set, as
will be understood by those of skill in the art. Apparatus
200 may also include clamps 210, 212, 214, 216, 218,
220 and 222. The clamps may be used to control the flow
of the cell suspension through different segments of the
disposable set.
[0021] Apparatus 200 may also include several sen-
sors to measure various conditions. The output of the
sensors may be utilized by device 200 to operate one or
more wash or processing cycles. One or more pressure
transducer sensor(s) 226 may be provided on apparatus
200 and may be associated with a disposable set 100 at
certain points to monitor the pressure during a procedure.
Pressure transducer 226 may be integrated into an in-
line pressure monitoring site (at, e.g., tubing segment
136), to monitor pressure inside separator 101. Air de-
tector sensor 238 may also be associated with the dis-
posable set 100, as necessary. Air detector 238 may be
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optional and may be provided to detect the location of
fluid/air interfaces.
[0022] Apparatus 200 may include weight scales 240,
242, 244, and 246 from which the product container 150,
in-process container 122, source container 102, and any
additional container(s), respectively, may depend and be
weighed. The weights of the bags may be monitored by
weight sensors and recorded during a washing or other
procedure. From measurements of the weight sensors,
the device may determine whether a container is empty,
partially full, or full and may control the components of
apparatus 200, such as the peristaltic pumps 202, 204
and 206 and clamps 210, 212, 214, 216, 218, 220 and
222.
[0023] Apparatus 200 may include a drive unit or "spin-
ner" 248, which may cause the indirect driving of the spin-
ning membrane separator 101. Spinner 248 may consist
of a drive motor connected and operated by apparatus
200, coupled to turn an annular magnetic drive member
including at least a pair of permanent magnets. As the
annular drive member is rotated, magnetic attraction be-
tween corresponding magnets within the housing of the
spinning membrane separator may cause the spinner
within the housing of the spinning membrane separator
to rotate. Fig. 3 shows a spinning membrane separator
101 to be in use with the spinner 248. Separator 101 may
form part of the disposable circuit 100. Examples and
details relating to spinning membrane separators and
spinners are disclosed in the aforementioned U.S. Patent
No. 5,194,145, International Application No.
PCT/US2012/028492, U.S. Provisional Patent Applica-
tion No. 61/537,856, and International (PCT) Application
No. PCT/US2012/028522.
[0024] Device 101 may include a generally cylindrical
housing 12, mounted concentrically about a longitudinal
vertical central axis. An internal member 14 may be
mounted concentric with the central axis 11. Housing 12
and internal member 14 may be relatively rotatable.
Housing 12 may be stationary and internal member 14
may be a rotating spinner that is rotatable concentrically
within cylindrical housing 12, as shown by the thick arrow
in Fig. 3. The boundaries of the blood flow path are gen-
erally defined by gap 16 between the interior surface of
housing 12 and the exterior surface of rotary spinner 14.
The spacing between the housing and the spinner is
sometimes referred to as the shear gap. In one embod-
iment, the shear gap may be approximately 0.025-0.050
inches (0.067-0.127 cm) and may be of a uniform dimen-
sion along axis 11, for example, where the axis of the
spinner and housing are coincident. The shear gap may
also vary circumferentially for example, where the axis
of the housing and spinner are offset.
[0025] The shear gap also may vary along the axial
direction, for example, preferably an increasing gap width
in the direction. Such a gap width may range from about
0.025 to about 0.075 inches (0.06- 0.19 cm). The gap
width could be varied by varying the outer diameter of
the rotor and/or the inner diameter of the facing housing

surface. The gap width could change linearly or stepwise
or in some other manner as may be desired. In any event,
the width dimension of the gap may be selected so that
at the desired relative rotational speed, Taylor Couette
flow, such as Taylor vortices, are created in the gap.
[0026] Biological fluid may be fed from an inlet conduit
20 through an inlet orifice 22, which directs the fluid into
the fluid flow entrance region in a path tangential to the
circumference about the upper end of the spinner 14. At
the bottom end of the cylindrical housing 12, the housing
inner wall includes an exit orifice 48. Cylindrical housing
12 may be completed by a bottom end housing terminat-
ing in an outlet orifice 46 concentric with the central axis.
[0027] The surface of the rotary spinner 14 may be at
least partially, substantially, or entirely, covered by a cy-
lindrical porous membrane 62. The membrane 62 may
have a nominal pore size of approximately 4.0 microns,
but other pore sizes, for example, of from 0.8 microns to
30.0 microns, may alternatively be used. Membranes
useful in the washing methods described herein may be
fibrous mesh membranes, cast membranes, track-
etched membranes or other types of membranes that will
be known to those of skill in the art. For example, in one
embodiment, the membrane may have a polyester mesh
(substrate) with nylon particles solidified thereon, thereby
creating a tortuous path through which only certain sized
components will pass. In one embodiment, the nylon
membrane may have a pore size of approximately 2.0
mm or less and a thickness of approximately 10 mm or
greater. Membranes of this type may retain cellular com-
ponents (e.g., red blood cells, white blood cells) as well
as certain formed blood components, e.g., platelets (∼2-4
mm). In another embodiment, the membrane may be
made of a thin (approximately 10-50 micron (mm) thick)
sheet of, for example, polycarbonate. In this embodi-
ment, pores (holes) may be cylindrical and larger than
those described above, e.g., 4.0 mm. The pores may be
sized to allow small formed components (e.g., platelets,
microparticles, etc.) to pass through, while the desired
cells (e.g., white blood cells and larger red blood cells)
are collected.
[0028] Apparatus 200 and circuit 100 may be used for
processing, washing, treating, supernatant exchange,
volumetric manipulation, and incubation of biological
cells, such as leukocytes, lymphocytes, mononuclear
cells, etc., for subsequent therapeutic administration.
The steps performed by apparatus 200 may be controlled
by a controller, e.g., a microprocessing unit driven by
software, with certain steps performed by an operator.
For example, the apparatus 200, when switched on, may
conduct self-calibration checks, including the checking
of the peristaltic pumps, clamps, and sensors. Apparatus
200 may then prompt the user to enter selected proce-
dural parameters, such as the washing procedure to be
performed, the amount of cell suspension to be washed,
the number of washings to take place, etc. The operator
may then select and enter the procedural parameters for
the wash procedure.
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[0029] The microprocessing unit may calculate the vol-
ume of wash solution needed for the procedure based
on a "maximum output concentration" for the separator,
defined as the maximum ratio of the volume of cellular
material to the volume of the cell suspension that can be
processed by the separator without losing cells of inter-
est. The maximum output concentration may be a func-
tion of factors such as the configuration of the membrane,
the pore size, and speed of rotation of the membrane.
This may be determined or derived empirically for a par-
ticular spinner configuration, and pre-programmed into
the microprocessor, or a value may be input by the sys-
tem operator. For purposes of illustration, it will be as-
sumed that the maximum output concentration for the
spinning membrane separator is 30% cellular material.
[0030] A "concentration ratio," defined as the ratio of
the volume of the input to the separator to the output of
the separator for the procedure, may be determined. This
value may be directly input into the controller by the sys-
tem operator, or it may be automatically determined by
the controller based on other operator input selections.
For example, for frozen or thawed cell products, the sys-
tem may use a concentration ratio of 2:1, while for fresh
cell products the concentration ratio used by the system
may be 10:1. The input to the separator may be deter-
mined by a "spinner inlet flow rate" that may be set by
an operator or configured automatically. The output of
the separator may be determined by a "reduction reten-
tate pump rate" (also called "spinner outlet flow rate")
that may likewise be set by an operator or configured
automatically.
[0031] A "maximum input concentration," also called
"desired inlet spinner packed cell volume (PCV)," may
be determined as a function of the maximum output con-
centration and the concentration ratio, specifically the
maximum output concentration divided by the concen-
tration ratio. The desired inlet spinner PCV may indicate
the maximum density of cells allowed to enter the sepa-
rator module to manage the density of cells that exit the
spinner. The desired inlet spinner PCV may be set by an
operator. During the washing procedure, washing solu-
tion may be added to the cells to be washed in an amount
so that the cellular concentration of the input to the sep-
arator does not exceed the maximum input concentra-
tion. By way of example, if the maximum output concen-
tration is 30% and fresh cell products are to be washed,
for which the concentration ratio is 10:1, the maximum
input concentration is 30% 4 10 = 3%. Thus the volume
of wash solution necessary for the procedure should be
sufficient to dilute the suspension being input to the sep-
arator to a 3% cellular concentration, resulting in an out-
put concentration that does not exceed 30%, and a con-
tainer 135 containing at least this volume of wash solution
should be connected to the disposable set 100 prior to
the start of the wash procedure.
[0032] A "reduction spinner revolution rate" may be de-
scribed in revolutions per minute (rpm) and is a meas-
urement of how fast the spinner is spinning. The reduction

spinner revolution rate of the spinner may affect how tight
the Taylor vortices and how closely target cells reach the
membrane. Higher reduction spinner revolution rates
may lead to tighter Taylor vortices, leading to decreased
mean size of cells retained (not passing through the
membrane), and lower reduction spinner revolution rates
may allow cells to spread closer to the membrane, lead-
ing to increased mean size of cells retained (not passing
through the membrane).

Examples

A. System and Method for Processing Biological Cells 
and Target Cell Selection

[0033] In the following example, the reusable hardware
apparatus 200 and its controller may be configured to
the following settings, illustrated in Fig. 5B. Fig. 5B sets
forth three possible settings for the following system and
method. In one embodiment of the system and method,
a first and second procedure may be performed, with
each procedure comprising two cycles. The settings of
apparatus 200 may be such that all cycles of the first and
second procedures may comprise a spinner inlet flow
rate of 150 mL/min, a reduction spinner revolution rate
of 3750 rpm, a desired spinner inlet PCV of 3%, and
reduction retentate pump rate of 15 mL/min. In a second
embodiment of the system and method, a first and sec-
ond procedure may be performed, with each procedure
comprising two cycles. The settings of apparatus 200
may be such that all cycles of the first and second pro-
cedures may comprise a spinner inlet flow rate of 80
mL/min, a reduction spinner revolution rate of 4000 rpm,
a desired spinner inlet PCV of 6%, and reduction reten-
tate pump rate of 8 mL/min. In a third embodiment of the
system and method, a first and second procedure may
be performed, with each procedure comprising two cy-
cles. The settings of apparatus 200 may be such that
both cycles of the first procedure comprise a spinner inlet
flow rate of 80 mL/min, a reduction spinner revolution
rate of 4000 rpm, a desired spinner inlet PCV of 6%, and
reduction retentate pump rate of 8 mL/min; and both cy-
cles of the second procedure comprise a spinner inlet
flow rate of 148 mL/min, a reduction spinner revolution
rate of 2750 rpm, a desired spinner inlet PCV of 7%, and
reduction retentate pump rate of 16 mL/min.
[0034] Referring to Fig. 1 and Fig. 4, in one embodi-
ment, apparatus 200 and circuit 100 may be used to proc-
ess cell products, e.g., leukapheresis products, in prep-
aration for selection of surface antigen expressing
WBCs, e.g., T-cells. A selection system may be used to
select specific white blood cells (WBCs), e.g., T-cells.
Examples of cell selection systems include fluorescent
labeling systems, although any suitable cell selection
system may be used.
[0035] Turning to Fig. 5A, a flow diagram is shown,
illustrating the steps in processing biological cells and
performing target cell selection, according to an exem-
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plary embodiment. At step 310, a sterile circuit 100 may
be mounted onto the apparatus 200 (Fig. 4). Source con-
tainer 102 holding fresh leukapheresis product or any
other cell product (e.g., overnight refrigerated, recently
obtained via apheresis, etc.) may be sterile-connected
to docking site 104 connected to tubing 106. The cell
product may comprise leukocytes, e.g., WBCs, T-cells,
suspended in a cell additive solution. Also included within
the cell product may be platelets and red blood cells sus-
pended alongside the cells. After apparatus 200 deter-
mines that the disposable set 100 is properly installed,
the controller may prompt the operator to connect a wash
medium. Wash container 135a holding the wash medium
may be accessed by spike connector 134a of the circuit
100 or sterile welded. The wash medium may comprise
a buffer comprising PBS, EDTA, HSA, and/or saline, al-
though any suitable wash medium may be used.
[0036] After the source of biological fluid and wash me-
dia have been connected to the disposable set, the fluid
circuit 100 may commence a first procedure at step 311
comprising supernatant removal and resuspension. The
fluid circuit 100 may first be primed for the wash process.
The circuit 100 may be primed with the wash medium in
container 135a or be primed with saline or any other bio-
compatible aqueous solution in container 135b. The con-
troller of apparatus 200 may then commence a first cycle
comprising a wash. At step 311 a, the cell product in
container 102 to be washed may be transferred from
source container 102 to the spinning membrane separa-
tor 101 via the operation of one or more peristaltic pumps
202, 204 and 206. At approximately the same time, the
wash medium in container 135a may be delivered
through the circuit 100 to the separator 101. The sepa-
rator 101 may separate the cell product into target cells,
e.g., target leukocytes, and remaining supernatant. The
membrane of the separator 101 may be made of a thin
(approximately 10-50 micron thick) sheet of, for example,
polycarbonate, and have pore sizes of approximately 4
microns, or a suitable pore size allowing platelets to pass
through but not target cells, e.g., target leukocytes. The
target cells may exit the separator 101 through outlet
orifice 48 and be directed to the in-process container 122,
while the supernatant and formed elements, e.g., plate-
lets, may exit the separator 101 through outlet orifice 46
and be directed to the waste/filtrate bag 140. The super-
natant collected in waste/filtrate bag 140 may comprise
the cell additive solution and platelets. Wash medium,
e.g., buffer comprising PBS, EDTA, HSA, and/or saline,
contained in wash container 135a, may then be pumped
through the separator 101 to recover any target cells
and/or supernatant remaining in the circuit 100 and re-
spectively direct them to the in-process container 122
and/or waste/filtrate bag 140. The contents of the in-proc-
ess container 122 may comprise concentrated target
cells, e.g., target WBCs, suspended in wash media and
red blood cells. In one embodiment, an operator may
manually mix the target cells suspended in wash media
in the in-process container 122 by holding container 122

with both hands and mixing thoroughly by using a gentle
rotating motion, although any suitable mixing method
may be used.
[0037] At step 311 b of Fig. 5A, a second cycle of the
first procedure may commence, wherein the contents of
the in-process container 122 may be diluted further with
wash medium in container 135a or 135b in preparation
for another pass through the separator 101. The diluted
target cells suspended in wash media in container 122
to be washed and concentrated may be transferred from
source container 122 to the spinning membrane separa-
tor 101 via the operation of one or more peristaltic pumps
202, 204 and 206. The separator 101 may separate the
diluted target cells suspended in wash media into target
cells and remaining supernatant. The target cells may
exit the separator 101 through outlet orifice 48 and be
directed to the product/retentate container 150, while the
supernatant may exit the separator 101 through outlet
orifice 46 and be directed to the waste/filtrate bag 140.
The supernatant collected in waste/filtrate bag 140 may
comprise cell additive solution, wash media, platelets,
and red blood cells. Wash media, e.g., buffer comprising
PBS, EDTA, HSA, and/or saline, contained in wash con-
tainer 135a or 135b, may then be pumped through the
separator 101 to rinse any target cells and/or supernatant
remaining in the circuit 100 and respectively direct them
to the product/retentate container 150 and/or waste/fil-
trate bag 140. The contents of the product/retentate con-
tainer 150 may comprise concentrated target cells sus-
pended in wash media.
[0038] After completion of the first procedure, the prod-
uct/retentate container 150 may be disconnected at step
312a of Fig. 5A from the remainder of the circuit 100 in
a sterile manner, e.g., heat-seal. At step 312b, an oper-
ator may inject an agent into the product/retentate con-
tainer 150 within an enclosed, ventilated laboratory work-
space, such as a biosafety cabinet. The agent may have
a diameter (largest cross-sectional length) of approxi-
mately 50 nm, or any suitable diameter smaller than the
pore size of the membrane of the separator 101. At step
313, the agent may be incubated with the target cells
within the product/retentate container 150 for a suitable
period of time, e.g., thirty minutes, on an orbital shaker
at a suitable temperature, e.g., room temperature.
[0039] A fresh disposable circuit or the previously used
circuit 100 at step 310 may be mounted onto the appa-
ratus 200 (Fig. 4). The product/retentate container 150
containing the product comprising target cells incubated
with the agent may now serve as source container 102’.
At step 314 of Fig. 5A, source container 102’ may be
sterile-connected to docking site 104 connected to tubing
106. The incubated target cell product may comprise leu-
kocytes, e.g., T-cells bound and/or associated with an
agent, T-cells not bound and/or associated with an agent,
agent not bound to any cells, and wash media. After ap-
paratus 200 determines that the disposable set 100 is
properly installed, the controller may prompt the operator
to connect a wash medium. Wash container 135a or 135b
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holding the wash medium may be accessed by spike
connector 134a or 134b of the circuit 100. The wash me-
dium may comprise a buffer comprising PBS, EDTA,
HSA, and/or saline, although any suitable wash medium
may be used.
[0040] After the source container 102’ and wash media
have been connected to the disposable set, the fluid cir-
cuit 100 may commence a second procedure at step 315
comprising excess agent removal and resuspension.
The fluid circuit 100 may be primed for the wash process.
The circuit 100 may be primed with the wash medium in
container 135a or 135b. The controller of apparatus 200
may then commence a first cycle comprising a wash. At
step 315a, the incubated target cell product in container
102’ to be washed may be transferred from source con-
tainer 102’ to the spinning membrane separator 101 via
the operation of one or more peristaltic pumps 202, 204
and 206. At approximately the same time, the wash me-
dium in container 135a or 135b may be delivered through
the circuit 100 to the separator 101. The separator 101
may separate the incubated target cell product into incu-
bated target cells and remaining supernatant. The mem-
brane of the separator 101 may have pores having sizes
greater than the diameter of unbound agent and any re-
maining platelets but less than the diameter of certain
cellular components. In one embodiment in which the
cellular components have a diameter of approximately
10 microns, the agent has a diameter of approximately
50 nm, and platelets have a diameter of approximately
3 microns, the pores should have sizes greater than 3
microns and less than 10 microns, thereby allowing un-
bound agent and any remaining platelets to pass through,
while not allowing the target cellular components and tar-
get cellular components bound to the agent to pass
through. The incubated target cells may exit the separa-
tor 101 through outlet orifice 48 and be directed to the
in-process container 122, while the supernatant may exit
the separator 101 through outlet orifice 46 and be direct-
ed to the waste/filtrate bag 140. The supernatant collect-
ed in waste/filtrate bag 140 may comprise wash media,
any remaining platelets, and unbound agent. Additional
wash media, e.g., buffer comprising PBS, EDTA, HSA,
and/or saline, contained in wash container 135a or 135b,
may then be pumped through the separator 101 to re-
cover any incubated target cells and/or supernatant re-
maining in the circuit 100 and respectively direct them to
the in-process container 122 and/or waste/filtrate bag
140. The contents of the in-process container 122 con-
taining incubated target cells may comprise, e.g., T-cells
bound to agent, T-cells not bound to agent, red blood
cells, and wash media. In one embodiment, an operator
may manually mix the incubated target cells suspended
in wash media in the in-process container 122 by holding
container 122 with both hands and mixing thoroughly by
using a gentle rotating motion, although any suitable mix-
ing method may be used.
[0041] At step 315b of Fig. 5A, a second cycle of the
second procedure may commence, wherein the contents

of the in-process container 122 may be resuspended with
wash medium in container 135a or 135b in preparation
for another pass through the separator 101. The incubat-
ed target cells resuspended in wash media in container
122 may be transferred from source container 122 to the
spinning membrane separator 101 via the operation of
one or more peristaltic pumps 202, 204 and 206. The
separator 101 may separate the incubated target cells
suspended in wash media into incubated target cells and
remaining supernatant. The incubated target cells may
exit the separator 101 through outlet orifice 48 and be
directed to a fresh product/retentate container 150’, while
the supernatant may exit the separator 101 through outlet
orifice 46 and be directed to the waste/filtrate bag 140.
The supernatant collected in waste/filtrate bag 140 may
comprise wash media, any remaining platelets, and un-
bound agent. Wash media, e.g., buffer comprising PBS,
EDTA, HSA, and/or saline, contained in wash container
135a or 135b, may then be pumped through the separator
101 to rinse any incubated target cells and/or supernatant
remaining in the circuit 100 and respectively direct them
to the product/retentate container 150’ and/or waste/fil-
trate bag 140. The contents of the product/retentate con-
tainer 150’ may comprise T-cells bound to agent and T-
cells not bound to agent suspended in wash media.
[0042] After completion of the second procedure, the
product/retentate container 150’ may be disconnected at
step 316 of Fig. 5A from the remainder of the circuit 100
and from the apparatus 200 in a sterile manner, e.g.,
heat-seal. At step 317, an operator may subject the in-
cubated target cells within container 150’ to a cell selec-
tion system to separate, e.g., the T-cells bound to the
agent from the T-cells not bound to the agent. The un-
bound T-cells and the agent bound to the T-cells may be
subject to a selection process, wherein only the agent
bound to the T-cells may be retained, while the un-
bound/unassociated T-cells may pass through the selec-
tion process, thereby effecting separation of the desired
T-cells and the undesired T-cells.

B. Abbreviated System and Method for Processing Bio-
logical Cells and Target Cell Selection

[0043] In the following example, the reusable hardware
apparatus 200 and its controller may be configured to
the following settings, illustrated in Fig. 6B. Fig. 6B sets
forth settings for the following system and method. In one
embodiment of the system and method, a single proce-
dure may be performed, the single procedure comprising
three cycles. The settings of apparatus 200 may be such
that the first two cycles comprise a spinner inlet flow rate
of 80 mL/min, a reduction spinner revolution rate of 4000
rpm, a desired spinner inlet PCV of 6%, and reduction
retentate pump rate of 8 mL/min. The third cycle may be
set to a spinner inlet flow rate of 148 mL/min, a reduction
spinner revolution rate of 2750 rpm, a desired spinner
inlet PCV of 7%, and reduction retentate pump rate of 16
mL/min.
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[0044] Referring to Fig. 1 and Fig. 4, in one embodi-
ment, apparatus 200 and circuit 100 may be used to proc-
ess cell products, e.g., leukapheresis products, in prep-
aration for selection of desired WBCs, e.g., surface an-
tigen expressing T-cells.
[0045] Turning to Fig. 6A, a flow diagram is shown,
illustrating the steps in processing biological cells and
performing target cell selection, according to an exem-
plary embodiment. At step 320, a sterile circuit 100 may
be mounted onto the apparatus 200 (Fig. 4). Source con-
tainer 102 holding fresh cell product, such as a leuka-
pheresis product (e.g., overnight refrigerated, recently
obtained via apheresis, etc.), may be sterile-connected
to docking site 104 connected to tubing 106. The cell
product may comprise leukocytes, e.g., desired T-cells,
suspended in a cell additive solution. Also included within
the cell product may be platelets suspended alongside
the cells. After apparatus 200 determines that the dis-
posable set 100 is properly installed, the controller may
prompt the operator to connect a wash medium. Wash
container 135a holding the wash medium may be ac-
cessed by spike connector 134a of the circuit 100. The
wash medium may comprise a buffer comprising PBS,
EDTA, HSA, and/or saline, although any suitable wash
medium may be used.
[0046] After the source of biological fluid and wash me-
dia have been connected to the disposable set, the fluid
circuit 100 may commence the procedure at step 321
comprising platelet removal, resuspension in wash me-
dia, agent incubation, excess agent removal, and resus-
pension in wash media. The fluid circuit 100 may first be
primed for the wash process. The circuit 100 may be
primed with the wash medium in container 135a or be
primed with saline or any other bio-compatible aqueous
solution in container 135b. The controller of apparatus
200 may then commence a first cycle comprising a wash.
At step 321 a, the cell product in container 102 to be
washed may be transferred from source container 102
to the spinning membrane separator 101 via the opera-
tion of one or more peristaltic pumps 202, 204 and 206.
At approximately the same time, the wash medium in
container 135a may be delivered through the circuit 100
to the separator 101. The separator 101 may separate
the cell product into target cells and remaining superna-
tant. As stated in Example A, the membrane of the sep-
arator 101 may comprise pores having sizes allowing
platelets to pass through but not certain cellular compo-
nents. The target cells may exit the separator 101 through
outlet orifice 48 and be directed to the in-process con-
tainer 122, while the supernatant and formed elements,
e.g., platelets, may exit the separator 101 through outlet
orifice 46 and be directed to the waste/filtrate bag 140.
The supernatant collected in waste/filtrate bag 140 may
comprise the cell additive solution and platelets. Wash
medium, e.g., buffer comprising PBS, EDTA, HSA,
and/or saline, contained in wash container 135a, may
then be pumped through the separator 101 to recover
any target cells and/or supernatant remaining in the cir-

cuit 100 and respectively direct them to the in-process
container 122 and/or waste/filtrate bag 140. The contents
of the in-process container 122 may comprise concen-
trated target cells suspended in wash media. In one em-
bodiment, an operator may manually mix the target cells
suspended in wash media in the in-process container
122 by holding container 122 with both hands and mixing
thoroughly by using a gentle rotating motion, although
any suitable mixing method may be used.
[0047] At step 321 b of Fig. 6A, a second cycle of the
procedure may commence, wherein the contents of the
in-process container 122 may be diluted further with
wash medium in container 135a or 135b in preparation
for another pass through the separator 101. The diluted
target cells suspended in wash media in container 122
to be washed and concentrated may be transferred from
source container 122 to the spinning membrane separa-
tor 101 via the operation of one or more peristaltic pumps
202, 204 and 206. The separator 101 may separate the
diluted target cells suspended in wash media into target
cells and remaining supernatant. The target cells may
exit the separator 101 through outlet orifice 48 and be
directed again to the in-process container 122, while the
supernatant may exit the separator 101 through outlet
orifice 46 and be again be directed to the waste/filtrate
bag 140. The supernatant collected in waste/filtrate bag
140 may comprise cell additive solution, wash media,
and platelets. Wash media, e.g., buffer comprising PBS,
EDTA, HSA, and/or saline, contained in wash container
135a or 135b, may then be pumped through the separator
101 to rinse any target cells and/or supernatant remain-
ing in the circuit 100 and respectively direct them to the
in-process container 122 and/or waste/filtrate bag 140.
The contents of the in-process container 122 may com-
prise concentrated target cells suspended in wash me-
dia.
[0048] At step 321 c, the reusable hardware apparatus
200 and its controller may be configured to pause auto-
matically after the second cycle at 321 b. The pause may
allow an operator to inject an incubation agent into the
in-process container 122. The incubation agent may be
housed in an introducer container 122b (Fig. 1) and ster-
ile-connected to a port 122a of container 122. The intro-
ducer container may be pre-attached to the disposable
circuit 100 prior to a procedure or may be attached in a
sterile manner to container 122 during a procedure. After
injection of the incubation agent into container 122, an
operator may manually mix the target cells and incuba-
tion agent suspended in wash media in the in-process
container 122 by holding container 122 with both hands
and mixing thoroughly by using a gentle rotating motion,
although any suitable mixing method may be used.
[0049] At step 321 d, the agent/target cell conjugated
complex, e.g., antibody-conjugated agent, may be incu-
bated during an incubation cycle with the target cells with-
in the in-process container 122 for a suitable period of
time, e.g., thirty minutes, at a suitable temperature, e.g.,
room temperature. In one embodiment, the target
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cell/agent mixture may be incubated stilly with minimal
shaking and/or agitation. In another embodiment, an op-
erator may manually mix the target cell/agent mixture
with both hands off the apparatus 200. In another em-
bodiment, apparatus 200 and its controller may allow for
an automated incubation cycle comprising gentle mixing
achieved by cycling the target cell/agent mixture from the
in-process container 122 through tubing 120 to the inlet
port 20 of the spinner 101. From spinner 101, the target
cell/agent mixture may exit the spinner 101 through outlet
port 48, through tubing 168, and back into the in-process
container 122. The target cell/agent mixture may be re-
stricted to this cyclical pathway by clamping tubing 138
leading from the outlet port 46 of spinner 101 and also
by clamping the flow path leading from branch connector
144 to the product/retentate container 150. During the
automated incubation cycle, the flow rate along the cy-
clical pathway may be set at a suitable rate, according
to the specific selection system. The revolution rate of
the spinner 101 during the automated incubation cycle
may likewise be set at a suitable rate, e.g., 500-700 rpm,
appropriate for a particular selection system. During the
automated incubation cycle, incubation volume and/or
concentration within the product/retentate container 150
may be increased by pumping additional solution(s)
and/or agent at a configurable rate into the cycle via e.g.,
container 135a and/or 135b. Multiple incubation cycles
may be implemented with the inclusion of additional
pauses and additional sterile connections with the in-
process container 122.
[0050] Upon completion of the incubation, step 321e
comprising a third cycle for unbound agent removal may
commence. Wash media within container 135a or 135b
may be delivered through the circuit 100 through the sep-
arator 101 into in-process container 122 to dilute the in-
cubated target cells resulting from the incubation. An op-
erator may manually mix the diluted incubated target cells
in the in-process container 122 by holding container 122
with both hands and mixing thoroughly by using a gentle
rotating motion, although any suitable mixing method
may be used. The contents of container 122 comprising
incubated target cells may then enter the separator 101,
which may separate the incubated target cell product into
incubated target cells and remaining supernatant. The
membrane of the separator 101 may have pores having
sizes greater than the diameter of unbound agent and
any remaining platelets but less than the diameter of cer-
tain cellular components, thereby allowing unbound
agent and any remaining platelets to pass through, while
not allowing the target cellular components and target
cellular components bound to the agent to pass through.
The incubated target cells may exit the separator 101
through outlet orifice 48 and be directed to the product/re-
tentate container 150, while the supernatant may exit the
separator 101 through outlet orifice 46 and be directed
to the waste/filtrate bag 140. The supernatant collected
in waste/filtrate bag 140 may comprise wash media, any
remaining platelets, and unbound agent. At step 321f,

additional wash media, e.g., buffer comprising PBS, ED-
TA, HSA, and/or saline, contained in wash container
135a or 135b, may then be pumped through the separator
101 to recover any incubated target cells and/or super-
natant remaining in the circuit 100 and respectively direct
them to the product/retentate container 150 and/or
waste/filtrate bag 140. The contents of the product/reten-
tate container 150 containing incubated target cells may
comprise, e.g., desired T-cells bound to the agent, and
e.g., undesired T-cells not bound to the agent, suspend-
ed in wash media.
[0051] After completion of the third cycle, the prod-
uct/retentate container 150 may be disconnected at step
322 of Fig. 6A from the remainder of the circuit 100 and
from the apparatus 200 in a sterile manner, e.g., heat-
seal. At step 323, an operator may subject the incubated
target cells, e.g., target leukocytes, within container 150
to a cell selection system to separate the target surface
antigen expressing WBCs bound to the agent from the
cells not presenting the target antigen, i.e., not bound to
the agent, as described in Example A.
[0052] The embodiments disclosed herein are for the
purpose of providing a description of the present subject
matter, and it is understood that the subject matter may
be embodied in various other forms and combinations
not shown in detail. Therefore, specific embodiments and
features disclosed herein are not to be interpreted as
limiting the subject matter as defined in the accompany-
ing claims.

Other Aspects

[0053]

Aspect 1. A system for automated processing of a
cell product comprising surface antigen expressing
cells, in preparation for surface antigen expressing
cell selection, the system comprising:

a reusable separation apparatus controlled by
a microprocessing controller unit driven by soft-
ware, wherein the apparatus and microprocess-
ing controller unit are configurable with a plural-
ity of settings;
a disposable sterile circuit configured to associ-
ate with the reusable separation apparatus, the
disposable sterile circuit comprising a spinning
membrane separator comprising a porous
membrane, wherein the separator comprises an
inlet and first and second outlets;
a cell product in communication with the inlet of
the separator, wherein the separation apparatus
is configured in a first cycle by the microprocess-
ing controller to flow the cell product into the inlet
of the separator, separate platelets and super-
natant from the first outlet into a filtrate container,
and separate remaining cellular components
from the second outlet into an in-process con-
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tainer;
wash media within a media container in commu-
nication with the in-process container, wherein
the separator is configured by the separation ap-
paratus in a second cycle to flow the wash media
into the in-process container containing the re-
maining cellular components to form resuspend-
ed platelet-depleted cell product;
a port located on the in-process container con-
figured to receive an agent having an associa-
tion with the surface antigen expressing cells of
the resuspended platelet-depleted cell product,
wherein the in-process container is configured
to incubate the agent with the surface antigen
expressing cells over an incubation period suf-
ficient for the agent to bind and/or associate with
the surface antigen expressing cells to form a
first mixture, comprising antigen-agent com-
plexes, unbound/unassociated agent, and cells
not presenting the antigen;
wherein the separation apparatus is configured
in a third cycle to separate the first mixture into
unbound/unassociated agent, directed from the
first outlet into the filtrate container, and a sec-
ond mixture, comprising antigen-agent com-
plexes and cells not expressing the antigen, di-
rected from the second outlet to a retentate con-
tainer, wherein the second mixture is ready for
target cell selection.

Aspect 2. The system of aspect 1, wherein the plu-
rality of settings further comprises:

a spinner inlet flow rate of 80 mL/min, a reduction
spinner revolution rate of 4000 rpm, a desired
spinner inlet PCV of 6%, and a reduction reten-
tate pump rate of 8 mL/min for the first cycle and
the second cycle; and
a spinner inlet flow rate of 148 mL/min, a reduc-
tion spinner revolution rate of 2750 rpm, a de-
sired spinner inlet PCV of 7%, and reduction re-
tentate pump rate of 16 mL/min for the third cy-
cle.

Aspect 3. The system of aspect 1 or 2, wherein the
wash media comprises at least one of PBS, EDTA,
HSA, and saline.
Aspect 4. The system of any one of the preceding
aspects, wherein the porous membrane comprises
pore sizes greater than the size of platelets and the
unbound/unassociated agent but less than the size
of the cellular components.
Aspect 5. The system of aspect 4, wherein the pore
sizes are within the range of 4.0 mm to 10.0 mm.
Aspect 6. The system of any one of the preceding
aspects, wherein the reusable separation apparatus
controlled by a microprocessing controller unit is
configured to automatically pause between the first

cycle and the second cycle, and/or a beginning of
the incubation period and the third cycle, to allow an
operator may manually mix the in-process container.
Aspect 7. The system of any one of the preceding
aspects, wherein the incubation period further com-
prises an automated incubation cycle, wherein the
separation apparatus controlled by the micro-
processing unit is configured to cycle the agent and
the resuspended platelet-depleted cell product from
the in-process container through the separator and
back to the in-process container in a cyclical path-
way.
Aspect 8. The system of any one of the preceding
aspects, wherein during the incubation period, the
separation apparatus controlled by the micro-
processing unit is configured to add additional vol-
ume of fluid and/or substrate gradually and/or inter-
mittently, via a second media container in commu-
nication with the in-process container, to the resus-
pended platelet-depleted cell product.
Aspect 9. A method for automated processing of a
leukapheresis product comprising surface antigen
expressing cells, in preparation for surface antigen
expressing cell selection, the method comprising:

providing a reusable separation apparatus con-
trolled by a microprocessing unit driven by soft-
ware, said apparatus configurable with a plural-
ity of settings and configured to associate with
a disposable sterile circuit comprising a separa-
tor comprising a porous membrane and in com-
munication with the leukapheresis product,
wherein the apparatus and disposable sterile
circuit are configured to:

remove platelets from the leukapheresis
product in a first cycle to form a platelet-
depleted leukapheresis product;
resuspend the platelet-depleted leukapher-
esis product in media in a second cycle to
form a resuspended platelet-depleted leu-
kapheresis product;
receive an agent having an association with
the surface antigen expressing cells of the
resuspended platelet-depleted leukapher-
esis product;
incubate the agent with the surface antigen
expressing cells over an incubation period
sufficient for the agent to bind/associate
with the surface antigen expressing cells to
form a first mixture comprising antigen-
agent complexes, unbound/unassociated
agent, and cells not presenting the antigen;
and
remove unbound/unassociated agent in a
third cycle to form a second mixture ready
for target cell selection, wherein the second
mixture comprises the antigen-agent com-
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plexes and cells not presenting the antigen.

Aspect 10. The method of aspect 9, wherein the plu-
rality of settings further comprises:

a spinner inlet flow rate of 80 mL/min, a reduction
spinner revolution rate of 4000 rpm, a desired
spinner inlet PCV of 6%, and a reduction reten-
tate pump rate of 8 mL/min for the first cycle and
the second cycle; and
a spinner inlet flow rate of 148 mL/min, a reduc-
tion spinner revolution rate of 2750 rpm, a de-
sired spinner inlet PCV of 7%, and reduction re-
tentate pump rate of 16 mL/min for the third cy-
cle.

Aspect 11. The method of aspect 9 or 10, wherein
the media comprises at least one of PBS, EDTA,
HSA, and saline.
Aspect 12. The method of any one of aspects 9-11,
wherein the porous membrane comprises pore sizes
greater than the size of platelets and unbound/un-
associated agent but less than the size of cellular
components.
Aspect 13. The method of aspect 12, wherein the
pore sizes are within the range of 4.0 mm to 10.0 mm.
Aspect 14. The method of any one of aspects 9-13,
wherein the reusable separation apparatus control-
led by a microprocessing controller unit is configured
to automatically pause between the first cycle and
the second cycle, and/or a beginning of the incuba-
tion period and the third cycle, to allow an operator
to manually mix the platelet-depleted leukapheresis
product, and/or the first mixture, respectively.
Aspect 15. The method of any one of aspects 9-14,
wherein the incubation period further comprises an
automated incubation cycle, wherein the separation
apparatus controlled by the microprocessing unit is
configured to cycle the agent and the resuspended
platelet-depleted leukapheresis product through the
separator within the disposable circuit in a cyclical
pathway.
Aspect 16. The method of any one of aspects 9-15,
wherein during the incubation period, the separation
apparatus controlled by the microprocessing unit is
configured to add additional volume of fluid and/or
substrate gradually and/or intermittently to the re-
suspended platelet-depleted leukapheresis product.
Aspect 17. The method of any one of aspects 9-16,
wherein the second cycle further comprises collect-
ing the resuspended platelet-depleted leukapher-
esis product in a first retentate container and remov-
ing the first retentate container from the sterile circuit,
wherein the first retentate container is configured to
receive the agent within an enclosed, ventilated lab-
oratory workspace, wherein the agent is incubated
on a shaker with the surface antigen expressing cells
over the incubation period to form the first mixture;

and
wherein the third cycle further comprises removing
the unbound/unassociated agent from the first mix-
ture of the first retentate container sterile-connected
to be in communication with an inlet of the separator,
to form the second mixture ready for target cell se-
lection, wherein the second mixture is collected in a
second retentate container sterile-connected to the
sterile circuit.
Aspect 18. The method of aspect 17, wherein the
plurality of settings comprises:

a spinner inlet flow rate of 150 mL/min, a reduc-
tion spinner revolution rate of 3750 rpm, a de-
sired spinner inlet PCV of 3%, and a reduction
retentate pump rate of 15 mL/min for the first,
second, and third cycles; or
a spinner inlet flow rate of 80 mL/min, a reduction
spinner revolution rate of 4000 rpm, a desired
spinner inlet PCV of 6%, and reduction retentate
pump rate of 8 mL/min for the first, second, and
third cycles.

Aspect 19. A method for automated processing of a
cellular product comprising target substrate cells, in
preparation for target cell selection, the method com-
prising:

providing a reusable separation apparatus con-
trolled by a microprocessing unit driven by soft-
ware, said apparatus configurable with a plural-
ity of settings and configured to associate with
a disposable sterile circuit comprising a separa-
tor comprising a porous membrane and in com-
munication with the cellular product, wherein the
apparatus and disposable sterile circuit are con-
figured to:

remove platelets from the cellular product
in a first cycle to form a platelet-depleted
cellular product;
resuspend the platelet-depleted cellular
product in media in a second cycle to form
a resuspended platelet-depleted cellular
product;
receive an agent having an association with
the target substrate cells of the resuspend-
ed platelet-depleted cellular product;
incubate the agent with the target substrate
cells over an incubation period sufficient for
the agent to bind with and/or enter the target
substrate cells to form a first mixture com-
prising agent-target substrate cell complex-
es, unbound/unassociated agent, and non-
target substrate cells; and
remove unbound/unassociated agent in a
third cycle to form a second mixture ready
for target cell selection, wherein the second
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mixture comprises the agent-target sub-
strate cell complexes and non-target sub-
strate cells.

Aspect 20. The method of aspect 19, wherein the
incubation period further comprises an automated
incubation cycle, wherein the separation apparatus
controlled by the microprocessing unit is configured
to cycle the agent and the resuspended platelet-de-
pleted cellular product through the separator within
the disposable circuit in a cyclical pathway.

Claims

1. A system for automated processing of a cell product
comprising surface antigen expressing cells, in prep-
aration for surface antigen expressing cell selection,
the system comprising:

a reusable separation apparatus controlled by
a microprocessing controller unit driven by soft-
ware, wherein the apparatus and microprocess-
ing controller unit are configurable with a plural-
ity of settings;
a disposable sterile circuit configured to associ-
ate with the reusable separation apparatus, the
disposable sterile circuit comprising a spinning
membrane separator comprising a porous
membrane, wherein the separator comprises an
inlet and first and second outlets;
a cell product in communication with the inlet of
the separator, wherein the separation apparatus
is configured in a first cycle by the microprocess-
ing controller to flow the cell product into the inlet
of the separator, separate platelets and super-
natant from the first outlet into a filtrate container,
and separate remaining cellular components
from the second outlet into an in-process con-
tainer;
wash media within a media container in commu-
nication with the in-process container, wherein
the separator is configured by the separation ap-
paratus in a second cycle to flow the wash media
into the in-process container containing the re-
maining cellular components to form resuspend-
ed platelet-depleted cell product;
a port located on the in-process container con-
figured to receive an agent having an associa-
tion with the surface antigen expressing cells of
the resuspended platelet-depleted cell product,
wherein the in-process container is configured
to incubate the agent with the surface antigen
expressing cells over an incubation period suf-
ficient for the agent to bind and/or associate with
the surface antigen expressing cells to form a
first mixture, comprising antigen-agent com-
plexes, unbound/unassociated agent, and cells

not presenting the antigen;
wherein the separation apparatus is configured
in a third cycle to separate the first mixture into
unbound/unassociated agent, directed from the
first outlet into the filtrate container, and a sec-
ond mixture, comprising antigen-agent com-
plexes and cells not expressing the antigen, di-
rected from the second outlet to a retentate con-
tainer, wherein the second mixture is ready for
target cell selection.

2. The system of claim 1, wherein the plurality of set-
tings further comprises:

a spinner inlet flow rate of 80 mL/min, a reduction
spinner revolution rate of 4000 rpm, a desired
spinner inlet PCV of 6%, and a reduction reten-
tate pump rate of 8 mL/min for the first cycle and
the second cycle; and
a spinner inlet flow rate of 148 mL/min, a reduc-
tion spinner revolution rate of 2750 rpm, a de-
sired spinner inlet PCV of 7%, and reduction re-
tentate pump rate of 16 mL/min for the third cy-
cle.

3. The system of claim 1 or 2, wherein the porous mem-
brane comprises pore sizes greater than the size of
platelets and the unbound/unassociated agent but
less than the size of the cellular components, pref-
erably wherein the pore sizes are within the range
of 4.0 mm to 10.0 mm.

4. The system of any one of the preceding claims,
wherein the reusable separation apparatus control-
led by a microprocessing controller unit is configured
to automatically pause between the first cycle and
the second cycle, and/or a beginning of the incuba-
tion period and the third cycle, to allow an operator
to manually mix the in-process container.

5. The system of any one of the preceding claims,
wherein the incubation period further comprises an
automated incubation cycle, wherein the separation
apparatus controlled by the microprocessing unit is
configured to cycle the agent and the resuspended
platelet-depleted cell product from the in-process
container through the separator and back to the in-
process container in a cyclical pathway.

6. The system of any one of the preceding claims,
wherein during the incubation period, the separation
apparatus controlled by the microprocessing unit is
configured to add additional volume of fluid and/or
substrate gradually and/or intermittently, via a sec-
ond media container in communication with the in-
process container, to the resuspended platelet-de-
pleted cell product.
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7. A method for automated processing of a leukapher-
esis product comprising surface antigen expressing
cells, in preparation for surface antigen expressing
cell selection, the method comprising:

providing a reusable separation apparatus con-
trolled by a microprocessing unit driven by soft-
ware, said apparatus configurable with a plural-
ity of settings and configured to associate with
a disposable sterile circuit comprising a separa-
tor comprising a porous membrane and in com-
munication with the leukapheresis product,
wherein the apparatus and disposable sterile
circuit are configured to:

remove platelets from the leukapheresis
product in a first cycle to form a platelet-
depleted leukapheresis product;
resuspend the platelet-depleted leukapher-
esis product in media in a second cycle to
form a resuspended platelet-depleted leu-
kapheresis product;
receive an agent having an association with
the surface antigen expressing cells of the
resuspended platelet-depleted leukapher-
esis product;
incubate the agent with the surface antigen
expressing cells over an incubation period
sufficient for the agent to bind/associate
with the surface antigen expressing cells to
form a first mixture comprising antigen-
agent complexes, unbound/unassociated
agent, and cells not presenting the antigen;
and
remove unbound/unassociated agent in a
third cycle to form a second mixture ready
for target cell selection, wherein the second
mixture comprises the antigen-agent com-
plexes and cells not presenting the antigen.

8. The method of claim 7, wherein the plurality of set-
tings further comprises:

a spinner inlet flow rate of 80 mL/min, a reduction
spinner revolution rate of 4000 rpm, a desired
spinner inlet PCV of 6%, and a reduction reten-
tate pump rate of 8 mL/min for the first cycle and
the second cycle; and
a spinner inlet flow rate of 148 mL/min, a reduc-
tion spinner revolution rate of 2750 rpm, a de-
sired spinner inlet PCV of 7%, and reduction re-
tentate pump rate of 16 mL/min for the third cy-
cle.

9. The method of claim 7 or 8, wherein the porous mem-
brane comprises pore sizes greater than the size of
platelets and unbound/unassociated agent but less
than the size of cellular components, preferably

wherein the pore sizes are within the range of 4.0
mm to 10.0 mm.

10. The method of any one of the claims 7-9, wherein
the reusable separation apparatus controlled by a
microprocessing controller unit is configured to au-
tomatically pause between the first cycle and the
second cycle, and/or a beginning of the incubation
period and the third cycle, to allow an operator to
manually mix the platelet-depleted leukapheresis
product, and/or the first mixture, respectively.

11. The method of any one of the claims 7-10, wherein
the incubation period further comprises an automat-
ed incubation cycle, wherein the separation appara-
tus controlled by the microprocessing unit is config-
ured to cycle the agent and the resuspended platelet-
depleted leukapheresis product through the separa-
tor within the disposable circuit in a cyclical pathway.

12. The method of any one of the claims 7-11, wherein
during the incubation period, the separation appara-
tus controlled by the microprocessing unit is config-
ured to add additional volume of fluid and/or sub-
strate gradually and/or intermittently to the resus-
pended platelet-depleted leukapheresis product.

13. The method of any one of the claims 7-12, wherein
the second cycle further comprises collecting the re-
suspended platelet-depleted leukapheresis product
in a first retentate container and removing the first
retentate container from the sterile circuit, wherein
the first retentate container is configured to receive
the agent within an enclosed, ventilated laboratory
workspace, wherein the agent is incubated on a
shaker with the surface antigen expressing cells over
the incubation period to form the first mixture; and
wherein the third cycle further comprises removing
the unbound/unassociated agent from the first mix-
ture of the first retentate container sterile-connected
to be in communication with an inlet of the separator,
to form the second mixture ready for target cell se-
lection, wherein the second mixture is collected in a
second retentate container sterile-connected to the
sterile circuit.

14. The method of claim 13, wherein the plurality of set-
tings comprises:

a spinner inlet flow rate of 150 mL/min, a reduc-
tion spinner revolution rate of 3750 rpm, a de-
sired spinner inlet PCV of 3%, and a reduction
retentate pump rate of 15 mL/min for the first,
second, and third cycles; or
a spinner inlet flow rate of 80 mL/min, a reduction
spinner revolution rate of 4000 rpm, a desired
spinner inlet PCV of 6%, and reduction retentate
pump rate of 8 mL/min for the first, second, and
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third cycles.

15. A method for automated processing of a cellular
product comprising target substrate cells, in prepa-
ration for target cell selection, the method compris-
ing:

providing a reusable separation apparatus con-
trolled by a microprocessing unit driven by soft-
ware, said apparatus configurable with a plural-
ity of settings and configured to associate with
a disposable sterile circuit comprising a separa-
tor comprising a porous membrane and in com-
munication with the cellular product, wherein the
apparatus and disposable sterile circuit are con-
figured to:

remove platelets from the cellular product
in a first cycle to form a platelet-depleted
cellular product;
resuspend the platelet-depleted cellular
product in media in a second cycle to form
a resuspended platelet-depleted cellular
product;
receive an agent having an association with
the target substrate cells of the resuspend-
ed platelet-depleted cellular product;
incubate the agent with the target substrate
cells over an incubation period sufficient for
the agent to bind with and/or enter the target
substrate cells to form a first mixture com-
prising agent-target substrate cell complex-
es, unbound/unassociated agent, and non-
target substrate cells; and
remove unbound/unassociated agent in a
third cycle to form a second mixture ready
for target cell selection, wherein the second
mixture comprises the agent-target sub-
strate cell complexes and non-target sub-
strate cells.
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